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Abstract 
PT Timah (Persero), Tbk operates inland and offshore mining to achieve their annual production targets. In 2009, 2010, and 
2011, there was a difference in tin production between inland and offshore mining. It was caused by the differences in equipment 
operating costs and productivity between the mining methods. From an economical and technical aspect, the amount of inland 
and offshore mining to produce can be determined to achieve maximum profit. 
To determine this proportion of tin production in 2012-2015, optimization based on the law of diminishing return was used. 
Optimal inland mining production was approached using the production in the Nudur 3 and Nudur 4 mines, whereas for offshore 
mining, production was approached using the production using dredgers. Production cost is calculated based on the equipments 
used, while the selling price is counted based on the break-even point between revenue and cost. Linear programming is used to 
determine the optimal production of tin ore in inland and offshore mining. 
The total value of NPV for the period of 2012 – 2015 is $ 367.384.870, comes yearly from the proportion of inland and offshore 
mining production of 17.145 tons and 17.308 tons respectively.  
 
Keywords: 
1. Background 
Tin mining processes conducted by PT Timah (Persero), Tbk are classified into two methods: inland mining and 
offshore mining. Based on production scale, inland mining is further classified into alluvial mining which uses giant 
monitors as its main equipment, and mechanical mining which utilizes heavy machinery like trucks and excavators 
or bulldozers. The typical primary mining equipment involved in offshore mining may be dredgers or cutter suction 
dredgers which can be used to strip the overbuden or tin ores.  
In 2009, the composition of tin ore production by PT Timah (Persero), Tbk is 18,208 tons of Sn from offshore 
 
* Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 . 
E-mail address: author@institute.xxx . 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
351 Aryo Prawoto Wibowo et al. /  Procedia Earth and Planetary Science  6 ( 2013 )  350 – 363 
mining (48% total production) and 19,493 tons from inland mining (52% total production). In 2010, there was an 
increase in production from offshore mining and a decrease in production from inland mining, with the entire 
production composition consisting of 20,444 tons from offshore mining (54%) and 17,172 tons from inland mining 
(46%). In 2011, there was an increase in production from inland mining and a decrease from offshore mining, with 
19,136 tons produced from inland mining (51%) and 18,351 tons from offshore mining (49%). In other words, from 
2009 to 2011 there were changes in the composition of production between inland mining and offshore mining. 
These changes in composition would in turn affect the revenues of PT Timah (Persero) Tbk. Among other causes, 
this is due to the difference in operational costs between the two methods as a consequence of the difference in the 
conditions of the equipment used. Therefore, there should be an effort to optimize company revenues by 
determining the proper composition of inland and offshore mining production. 
This study focuses on the economic aspects of the company, primarily in terms of minimizing operational costs 
and maximizing revenues. The data used for analysis is obtained from 2006-2010. This data is then used to estimate 
the production composition between  2012 until 2015. 
2. Methodology 
This study aims to determine the optimal composition of inland and offshore mining production of PT Timah 
(Persero), Tbk with minimum operational costs and maximum revenues. As such, the context of this study is limited 
to economic aspects. Technical data and other existing constraints, such as equipment life time, shall be considered 
constant. 
The methodology used in this study can be outlined as follows: 
1. Collecting technical data on inland and offshore mining operations, including production and the technical 
specifications of the primary mining equipment. 
2. Production for offshore mining is approximated using historical data of production conducted by dredging, 
whereas for inland mining, production was estimated on the mining systems of the alluvial mines Nudur 3 
and Nudur 4. 
3. Collecting available historical economic data, which is from 2006-2010. This data includes operational 
costs for inland mining and offshore mining, selling prices of tin, and taxes. 
4. Processing the collected data using discounted cash flow analysis and the law of diminishing return to 
estimate the optimal composition of inland and offshore mining production which would generate 
maximum revenue for the company in 2012-2015. 
Generally, the methodology of this study can be seen in Appendix A. 
3. General Information on PT Timah (Persero), Tbk. 
PT Timah (Persero), Tbk is a state-owned enterprise of the Republic of Indonesia which operates in the field of 
tin mining, with 35% of its stocks owned by the public. PT Timah (Persero), Tbk controls 522,460 hectares of tin 
mines with 114 mining permits (Izin Usaha Penambangan, IUP), inland and offshore, with an area of operation 
spanning the Indonesian provinces of Bangka Belitung and Kepulauan Riau, an area also known as the Indonesian 
Tin Belt. 
 
 
Figure 3.1.Location map of PT Timah (Persero), Tbk. 
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3.1. Regional Geology 
The Bangka Belitung islands constitute a part of the South East Asia Tin Belt. This tin belt is a path of granitic 
intrusions carrying tin mineralization with a length of 3,000 km spanning mainland Asia through Thailand, the 
Malay Peninsula and Indonesia. This tin belt is divided into two paths, west and east. The western path goes through 
Myanmar – Thailand – Western Malaysia – Karimun – Kundur – Singkep – Bangka, whereas the eastern path goes 
through Cambodia – Eastern Malaysia – Singapore – Bintan – Belitung. 
 
 
Figure 3.2.The South East Asia Tin Belt (Cobbing, 1996). 
3.2. Tin Deposit Genesis 
The tin ore mined by PT Timah (Persero), Tbk consists of primary and secondary tin deposits. Primary tin 
deposit is formed by hydrothermal and pneumatolytic granitic intrusion in Greisen deposits. Mineralization of 
cassiterite occurs through cracks and weak zones then stops due to hitting impermeable areas. Secondary deposits 
occur due to intensive weathering processes that occur over a long period of time to primary tin deposit, followed by 
the concentration of heavy minerals in a single layer in ancient valleys through erosion and water transportation. 
Local terms used regarding alluvial tin sediment can be seen in Figure 3.3. 
3.3. Demographics 
In the province of Bangka Belitung, which is the location of the company, agriculture and mining represent the 
largest contributor to the regional economy, contributing 18.74% and 17.47% to the regional income, respectively 
(Kepulauan Bangka Belitung dalamAngka, 2011). Around 20% of the work force is employed by the mining sector 
(BPS, 2010). 
Generally, the work force employed by the mining sector work in mines operated by PT Timah (persero) Tbk and 
PT Kobatin. 
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Figure 3.3.Layer of tin deposit at Bangka (Setiawan, 2012). 
 
 
Figure 3.4.Number of work force by sector in 2010 in the province of Bangka Belitung (BPS, 2010). 
4. Discounted Cash Flow Analysis 
Cash flow components of the mining operations of PT Timah (Persero), Tbk need to be known to be able to 
conduct economic evaluation or analysis on the operations. 
4.1. Operational Costs of Inland Mining 
Due to the limited data, the operational costs for inland mining is calculated based on 2010 data from the Nudur 3 
and Nudur 4 mines. Operational costs of the mining are classified as fixed and variable costs. Operational costs in 
Nudur 3 and Nudur 4 are assumed to be representative of the entire operational costs from all inland mining 
operations. Table 4.1 shows the operational costs of inland mining: 
 
Tabel 4.1. Operational costs of inland miningof PT Timah (Persero), Tbk in 2010. 
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Operational costs for 2012 until 2015 are approximated by assuming a price escalation of 3%, as shown in Table 
4.2 below: 
 
Tabel 4.2. Estimation of operational costs of inland mining of PT Timah (Persero), Tbk for the period 2012 – 2015. 
Year Fixed Costs Variable Costs/Ton Partner Costs/Ton 
2012  $     5,026,886   $    7,527   $     13,890  
2013  $     5,177,693   $    7,752   $     14,307  
2014  $     5,333,024   $    7,985   $     14,736  
2015  $     5,493,014   $    8,224   $     15,178  
*) Tin ore mining is conducted by PT Timah (Persero), Tbk and partners. Partners 
are third parties which aid in the mining activities in the designated permit areas 
of PT Timah (Persero). Partner costs are expenses paid by PT Timah (Persero), 
Tbk for the service of these partners per ton of tin ore. 
 
4.2. Operational Costs of offshore Mining 
Operational costs of offshore mining are based on historical data on dredger activity between 2007 and 2009. 
Operational costs of offshore mining are classified by the type of dredger used. Initially, the number of dredgers 
operated by the company was 15, however at present there are only 11 units in operation. These operational costs 
are calculated by comparing the total operational costs with the tin ore production of each dredger per year, as 
shown in Table 4.3. 
 
Tabel 4.3. Operational costs of offshore mining by dredger at PT Timah (Persero), Tbk during the period of 2007 – 2009. 
Dredger 
Operational costs per unit ($/ton) 
2007 2008 2009 
KK 17 Singkep 31 5,527 5,963 4,966 
KK 20 Belitung I 6,776 11,518 8,098 
KK 14 Riau 6,389 6,863 5,523 
KK 22 Kundur I 6,828 13,658 9,066 
KK 21 Singkep 21 10,442 14,935 10,468 
KK 19 Bangka II 7,457 10,388 8,459 
KK 18 Bangka I 10,796 9,398 10,415 
KK 16 Kebiang 8,770 17,018 9,223 
KK 12 Duyung 6,654 9,676 8,758 
KK 11 Karimata 5,120 13,638 13,569 
KK 7 Meranteh 6,080 7,764 13,713 
 
 
4.3. Depreciation dan Amortization 
Because no data was obtained related to investment, the calculation of depreciation and amortization in this study 
was based on the depreciation and amortization expenses from the book value in the annual financial report of PT 
Timah (Persero), Tbk from 2007 until 2010. 
 
Tabel 4.4. Depreciation and amortization on assets of PT Timah (Persero), Tbk. 
(In millions of rupiah) 
Year 2007 2008 2009 2010 
Depreciation      147,102       170,470    244,231       247,875  
Book value      482,322       476,969    882,175    1,272,379  
Percentage 30.5% 35.7% 27.7% 19.5% 
 
 
The estimated value of depreciation for the years 2011 to 2015 was approached by calculating the average 
percentage of depreciation to the annual book value of the company for the years 2007 to 2010. The book value of 
the next year is the book value of the previous year reduced by the depreciation for the year. Assuming no 
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investment in the year 2011 to 2015, the value of depreciation in 2011 and 2015 using the straight-line method is as 
follows (Table 4.5). 
 
Table 4.5. Estimated values of depreciation and amortization on assets of PT Timah (Persero), Tbk.in 2011 to 2015. 
(Dalam juta rupiah) 
Tahun Depresiasi Nilai Buku 
2010      247,875     1,272,379  
2011      204,901     1,024,504  
2012      204,901        819,603  
2013      204,901        614,702  
2014      204,901        409,802  
2015      204,901        204,901  
 
 
4.4. Discount Rate 
The type of discount rate used in this study was Weighted Average Cost of Capital (WACC) which takes into 
account the cost of equity and cost of debt of the company based on its debt-equity ratio. WACC can be calculated 
by using the following equation. 
 
ܹܣܥܥ ൌ ቀ ܧܶܥ ݔܭ݁ቁ൅ ቂ
ܦ
ܶܥ
ݔܭ݀ݔሺͳെ ܶܽݔሻቃ  (1) 
 
E is the percentage of equity, D is the percentage of loan capital, Tcis the total loan capital, Kcis the cost of 
capital, Kdis the cost of debt, and T is the tax rate. If mining activities are funded entirely by corporate money 
(equity funding), then: 
 
ܹܣܥܥ ൌ ൬
ͳͲͲΨ
ͳͲͲΨ ݔͳʹΨ൰ ൅ ൤
ͲΨ
ͳͲͲΨ ݔܭ݀ݔሺͳ െ ͵ͲΨሻ൨ 
 
ܹܣܥܥ ൌ ૚૛Ψ 
 
Based on the above calculation, the discount rate used is 12%. 
5. The Law of Diminishing Return 
Production is a function of multiple kinds of input. In general, production is a function of capital, labour, natural 
resources, the environment, information, technology, along with other factors. 
Diminishing return is the decrease in the marginal output of a production process as the amount of a single factor 
of production is increased, while the amounts of all other factors of production stay constant (ceteris paribus). There 
is an optimum point on the use of inputs to produce a certain value of production. This point is the value of 
production that generates maximum revenue. In this study, the technical specifications of the mining equipment are 
assumed to be constant. 
6. Results and Discusion 
Based on the data explained in Chapter IV and the application of the law of diminishing return, the relationship 
between the net present value and the total operational costs of mining by dredger and cutting suction dredger for 
the year 2009, as well as inland mining for the year 2010, can be illustrated. From this we can then determine the 
optimum point of production for each method of mining (refer to Figures 5.1 and 5.2). 
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Figure 5.1.The relationship between the net present value and the total production costs of offshore mining for the year 2009. 
 
 
Figure 5.2.The relationship between the net present value and the total operational costs of inland mining for the year 2010. 
 
Based on the above graphs (Figures 5.1 and 5.2), we can see that there is an optimum point of production for 
offshore, which is obtained at the offshore operating costs of $ 140.67 million. The total operational costs for 
offshore mining yields a production of approximately 17,308 tons. As for inland mining, the resulting NPV will 
continuously tend to rise with increases in operational costs, thus the production limit is determined by the 
maximum production capacity, which is approximately 17,145 tons. 
Made into a linear programming model, then the objective function for this study would be as follows. 
 
 
ܯܽݔσ ܥܨݐܶݐൌͲ  (2) 
 
ൌ σ ሾሺݎݐ Ǥ ܲݐ െ ܫܥݐሻݔݐ ൅ ሺݎݐ Ǥ ܲݐ െ ܱܥݐሻݕݐ െ ܦ݁݌ݎ݁ݏ݅ܽݏ݅ݐ ሿሾሺͳͲͲΨെ ܶܽݔሻሿ൅ܶݐൌͲ ܦ݁݌ݎ݁ݏ݅ܽݏ݅ݐ  (3) 
 
where CFtis the cash flow per period; rtthe mining yield per period; Ptthe selling price of tin per period which is 
initially assumed to be $ 20.367; ICt dan OCtrespectively are the operational costs of inland and offshore mining per 
period; Tax is the income tax rate of 30%; xtand ytrespectively are the amounts of inland and offshore production 
per period, which is influenced by the following limiting factors: xt = fx (Rs, Q, D, ...) and yt = fy (Rs, Q, D, ...), 
where Rs is reserves, Q is production capacity, and D is demand.  
The cash flow for each period to maximize are as follows:  
988,70 x + 5.127,59 y + 6.830.027 (2012) 
768,87 x + 5.031,92 y + 6.830.027 (2013) 
539,94 x + 4.930,89 y + 6.830.027 (2014) 
301,63 x + 4.824,30 y + 6.830.027 (2015) 
The limiting functions are as follows. 
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6.1. Total Offshore Production 
This limiting function is derived from the relationship between total revenue and total costs from historical data 
of mining by dredger, as presented in Figure 5.3. 
 
 
Figure 5.3.The relationship between total revenues and total operational costs using dredgers for the years 2007 to 2009. 
 
From the above graph, the minimum production limit for offshore mining is obtained to be: 
ܴܶ ൒ ܶܥ 
ͶͻǤ͸ͺͶǡ͸ͳݕ െ ͲǤͲͲͲͲͲʹ ൌ ͶͲǤͺͻ͹ǡ͹ͷݕ ൅ ͶͻǤͳͷͳǤͲͲʹ 
࢟ ൒ ૞Ǥ ૞ૢ૝ 
Whereas the maximum production limit is: 
࢟ ൑ ૚ૠǤ ૜૙ૡ 
6.2. Total Inland Production 
This limiting function is derived from the relationship between total revenue and total costs from historical data 
on inland mining at the Nudur 3 and Nudur 4 mines, as presented in Figure 5.4. 
 
 
Figure 5.4.The relationship between total revenues and total operation costs of inland mining at Nudur 3 and 4 for the year 2010. 
 
From the above graph, the minimum production limit for inland mining is obtained to be: 
ܴܶ ൒ ܶܥ 
ʹ͸Ǥ͵ͳͳǡͶͻݔ െ ͲǤͲͲͲͲͲͲͲʹ ൌ ͳͷǤ͹Ͷ͸ǡ͵͹ݔ ൅ ͶǤͲ͵͵ǤͷͺͻǡͷͶͶ 
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࢞ ൒ ૜ૡ૛ 
Whereas the maximum production limit is: 
࢞ ൑ ૚ૠǤ૚૝૞ 
6.3. Net Income Before Tax 
Net income before tax is set as a limiting function because basically the value of net income before tax generated 
by a company must be larger than or equal to zero. 
αi x + βi y - Depreciation ≥ 0.  
 
Î αi x + βi y ≥ Depreciation 
 
Net income before tax is calculated from net revenue minus inland and offshore operating costs, processing costs, 
expected profit, and depreciation (Appendix B).  
αi is a constant of inland production, and βi is a constant of offshore production.  
Thus : 
1.412,23 x + 7.325,13 y ≥  22.766.756 (2012) 
1.098,38 x + 7.188,46 y ≥  22.766.756 (2013) 
771,34 x + 7,044,12 y  ≥  22.766.756 (2014) 
430,90 x + 6.891,86 y  ≥  22.766.756 (2015) 
6.4. Results 
From calculation based on linear programming, optimal inland and offshore production was obtained for the 
selling price of tin of $20,367/ton as follows. (lihatTabel 5.1). 
 
Tabel 5.1. Tin production composition for the years 2012 to 2015. 
 
 
 
Based on the above table, we can see that for the years 2010 to 2015, at the selling price of tin of $20,367/ton the 
composition of production is 17,145 tons from inland mining and 17,308 tons from offshore mining. At this selling 
price, the proportion of production isapproximately 49.76% from inland mining and 50.24% from offshore mining. 
We must also analyse the composition of production from inland mining and offshore mining in the case of a 
change in the selling price of tin. For this, price adjustments of -20%, -15%, -10%, and -5% were applied. The 
results of this calculation are presented in Table 5.2. 
There is a difference of net cash flow between calculation using the linear-programming model and using the 
cash flow calculation model. This is because in the linear-programming model, the operational costs of inland 
mining are taken to be the mean of the operational costs of the Nudur 3 and Nudur 4 mines as well as mining from 
partners. In reality, however, there is a difference in the mining costs of Nudur 3 and Nudur 4, due to the presence of 
fixed cost components in the mining activity there. 
For economic calculation, the discounted cashflow method was choosen because the operational costs of inland 
mining accommodates the difference in operational costs between mining in Nudur 3 and Nudur4 with the mining 
conducted by partners. 
The NPV for the years of 2012 - 2015 can be seen on Appendix B, which gives a total 4-years period NPV’s of $ 
367.384.870 
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Tabel 5.2. Production compositions for the year 2012 to 2015 with various adjustments in selling price applied. 
Year 
Selling 
Price 
(US$/ton) 
Inland 
Production 
(tons Sn) 
Offshore 
Production 
(tons Sn) 
Net 
Cashflow 
(US$) 
2012 $ 19.348 17.145 17.308 91.044.907 
 $ 18.330 0 17.308 73.989.334 
 $ 17.312 0 17.308 63.193.521 
 $ 16.294 0 17.308 52.397.707 
2013 $ 19.348 17.145 17.308 85.405.170 
 $ 18.330 0 17.308 72.117.620 
 $ 17.312 0 17.308 61.213.849 
 $ 16.294 0 17.308 50.310.077 
2014 $ 19.348 0 17.308 81.163.700 
 $ 18.330 0 17.308 70.150.890 
 $ 17.312 0 17.308 59.138.081 
 $ 16.294 0 17.308 48.125.272 
2015 $ 19.348 0 17.308 79.208.843 
 $ 18.330 0 17.308 68.085.905 
 $ 17.312 0 17.308 56.962.967 
 $ 16.294 0 17.308 45.840.030 
 
 
Tabel 5.3. Differences in cash flow values. 
 
Linear 
Programming
Cahshflow 
Methods
2012  $     112,534,864 127,183,819$      11.52%
2013  $     107,110,026 122,199,145$      12.35%
2014  $     101,436,484 116,978,978$      13.29%
2015  $       95,505,916 115,100,032$      17.02%
Year
Net Cashflow
Differences
 
6.5. Sensitivity Analysis 
NPV is influenced by economic parameters which in turn will also affect the optimal production composition. To 
understand the influence of these economic parameters, sensitivity analysis was conducted by modifying the 
economic parameters: discount rate, selling price of tin, inland operational costs, and offshore operational costs. The 
results of this sensitivity analysis are presented in Figure 5.5. 
 
Figure 5.5. Graph of sensitivity analisys  
Based on the above graph, the selling price of tin has the largest influence on changes in NPV, followed by 
inland operational costs. 
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7. Conclusions and Suggestions 
7.1. Conclusions 
Based on the collection and calculation of data as well as discussion, the conclusions of this study are as follows: 
• Until the year 2015, the optimal annual production for the selling price of tin of $20,367/ton would be 17,145 
tons (= 49.76%) from inland mining and 17,308 ton (= 50.24%) from offshore mining (total production = 
34.453 tons Sn) . 
• The stated annual production composition would generate a Net Present Value $ 367,384,870 or 
approximately Rp 3.31 triliun for a period of 4 years (2012-2015). 
• The selling price of tin is the most influential component in the economics of tin mining. 
7.2. Suggestions 
For further research, suggestions given are as follows: 
• The performance of mining equipment on the field needs to be taken into account in determining the 
production composition, particularly the largely aging dredgers which constitutes operational costs which are 
very influential towards the NPV. 
• The composition of production should also take into account the future selling price of tin, because changes 
in the selling price of tin plays a significant role in the calculation of NPV. 
• Inland operating costs should be taken into account, because it plays a fairly significant role in the calculation 
of NPV. 
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APPENDIX A 
Fact
xPT Timah (Persero), Tbk conducting inland and offshore mining.
xInland mining using excavator and truck, and hydraulicking methods.
xOffshore mining using dredgers and cutter suction dredgers.
xDifferences between inland and offshore mining operation cost.
Problem Statement
Optimal production composition from inland and offshore mining.
Theory
Project Cashflow:
Law of Diminishing Return
Data
Inland mining operation cost
Offshore mining operation cost
Processing cost
Tin metal selling price
Income tax and royalty
Analysis
xRelation between input (cost) and output (revenue) changing.
xProduction optimation.
Project Economic Analysis
Criterion
NPV>0
Conclusions
Production composition from inland and offshore mining (tonnage and
percentage) of PT Timah (Persero), Tbk.
Tonnage : 17.145 tons (inland) and 17.308 tons (offshore)
Percentage : 49,76% (inland) and 50,24% (offshore)
No
 
Figure A1. Research Methodology 
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APPENDIX B 
Table B.1. Cashflow of PT Timah (Persero), Tbk, year 2012 - 2015. 
 
Net Recovery 97%
Product Coefficient (KH) 1.1                 
Offshore Mining Cost 9,296             
Fixed Cost 5,026,886$      
Variable Cost 7,095             
Unit Cost Addition 13,890           
Processing Cost 1,200             
Tin Metal Selling Price 20,367$         
Escalation Factor 3%  
Cashflow 2012 2013 2014 2015
Offshore Ore Production 17,308               17,308               17,308               17,308               
Inland Ore Production 500                    500                    500                    500                    
Inland Ore Production (Partner) 16,645               16,645               16,645               16,645               
Total Production 34,453               34,453               34,453               34,453               
Tin Recovery 37,898               37,898               37,898               37,898               
Net Recovery (metals) 36,761               36,761               36,761               36,761               
Selling Price 20,367$             20,571$             20,776$             20,984$             
Revenue 748,718,436$    756,205,620$    763,767,676$    771,405,353$    
Royalty 3% 22,461,553$      22,686,169$      22,913,030$      23,142,161$      
Net Revenue 726,256,883$    733,519,452$    740,854,646$    748,263,193$    
Operating Cost Laut 160,898,341$    165,725,291$    170,697,050$    170,697,050$    
Operating Cost Darat 8,574,137$        8,831,361$        9,096,302$        9,369,191$        
Operating Cost Addition 231,199,050$    238,135,022$    245,279,072$    252,637,444$    
Processing Cost 41,343,600$      42,583,908$      43,861,425$      45,177,268$      
Profit Expected 15% 112,307,765$    113,430,843$    114,565,151$    115,710,803$    
Depreciation 22,766,756$      22,766,756$      22,766,756$      22,766,756$      
Net Income Before Tax 149,167,233$    142,046,271$    134,588,889$    131,904,680$    
Tax 30% 44,750,170$      42,613,881$      40,376,667$      39,571,404$      
Net Income After Tax 104,417,063$    99,432,389$      94,212,222$      92,333,276$      
Add Back Depreciation 22,766,756$      22,766,756$      22,766,756$      22,766,756$      
Net Cashflow 127,183,819$    122,199,145$    116,978,978$    115,100,032$    
NPV= 367,384,870$     
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Figure C.1. Linear Programming solution of tin production composition for the period of 2012 – 2015 at the tin 
price of $20.367/ton. 
 
 
 
